1. Introduction {#sec1}
===============

Laparoscopic surgery is now widely used in various medical fields, and there is no doubt that laparoscopic surgery is less invasive than open surgery \[[@B1]\]. For instance, after laparoscopic surgery, patients feel less pain from wounds \[[@B2]--[@B4]\], and they can start walking smoothly after surgery and discharge from the hospital earlier than those who underwent open surgery. The same is true for complications such as ileus. However, we raised the question as to the amount of blood loss that occurs during laparoscopic surgery. We agree that laparoscopic surgery needs delicate maneuvering, leading to less blood loss than open surgery \[[@B5]--[@B7]\]. However, we also considered the possibility of underestimation of the amount of bleeding. For instance, in the cases of gynecologic surgery, we could not always assess all the blood loss because of the Trendelenburg position, where the blood could rest in the abdominal cavity \[[@B8]\].

To address this issue, we investigated comparing the amount of bleeding between laparoscopic surgery and open surgery by considering the concentration of hemoglobin before and after surgery as indicators.

We investigated the representative operations in gynecological fields: A, surgery for ovarian tumor including cystectomy and salpingo-oophorectomy (unilateral or bilateral); B, myomectomy; and C, hysterectomy \[[@B9]--[@B11]\]. And our results suggest that the estimation of the bleeding in A and B was appropriate; however, it might be underestimated in C during laparoscopic surgery.

This study considered only the changes of the concentration of hemoglobin, and other ways of examining blood loss would be needed for further validation.

2. Materials and Methods {#sec2}
========================

2.1. Patients {#sec2.1}
-------------

This study was approved by the Institutional Ethics Committee (Approval no. C77). Patients who underwent the following procedures between January 1, 2010, and December 31, 2017, were included in this study: A, surgery for ovarian tumor including cystectomy and salpingo-oophorectomy (unilateral or bilateral); B, myomectomy; and C, hysterectomy either by laparoscopy or open surgery. We sampled cases in which laboratory tests were obtained one day before and one day after surgery as part of a routine check-up. We excluded cases where measurements of blood loss could have been biased. In other words, the following cases were excluded: those requiring transfusion, with estimated blood loss exceeding 1000 ml; those who underwent lymphadenectomy; and those with peritoneal cancer and placement of drainage tubes. Overall, we identified 1749 cases: 520 cases (A: 90, B: 105, and C: 325) of open surgery and 1229 cases (A: 667, B: 437, and C: 125) of laparoscopic surgery. The cases wherein A was performed with B and C were assigned as B and C, respectively, resulting in no double counts. The median age and mean body weights of patients are as follows: A:37 years old (range, 15--85) and 54.7 ± 0.38 kg, B: 39 years old (range, 26--69) and 56.2 ± 0.61 kg, and C: 45 years old (range, 37--64) and 56.1 ± 1.1 kg in laparoscopic surgery and A:45 years old (range, 22--86) and 57.9 ± 1.48 kg, B: 41 years old (range, 29--50) and 57.9 ± 0.91 kg, and C: 48 years old (range, 36--84) and 57.6 ± 0.8 kg in open surgery.

2.2. Estimation of Bleeding and Change of the Concentration of Hemoglobin {#sec2.2}
-------------------------------------------------------------------------

We measured the grams of absorbed bleeding in gauze and suctioned bleeding, and we considered the sum as an estimation of blood loss during surgery \[[@B11], [@B12]\]. When we used saline for washing, we then subtracted the amount of saline from the estimation.

We routinely performed laboratory testing one day before and after surgery. For the change in the value of hemoglobin, we considered$$\begin{matrix}
{\Delta\text{Hb} = \left( \frac{\left( \text{Hb\_pre–Hb\_post} \right)}{\text{Hb\_pre}} \right)\ast 100\text{,}} \\
\end{matrix}$$where Hb_pre is the concentration of hemoglobin one day before surgery and Hb_post is that one day after surgery. ΔHct (the changed value of hematocrit) was similarly defined.

2.3. Statistical Analysis {#sec2.3}
-------------------------

JMP 13 (SAS Institute, USA) was used for statistical analysis. Two-tailed *t*-test was used for comparing the means. *P* values less than 0.05 was considered as statistically significant. Values were described as means ± S.E.

3. Results {#sec3}
==========

3.1. Measured Blood Loss and Change of the Concentration of Hemoglobin {#sec3.1}
----------------------------------------------------------------------

During laparoscopic surgery, the measurements of blood loss included the following: A: 59.8 ± 4.2 ml; B: 168.6 ± 9.0 ml; and C: 206.8 ± 19.6 ml. During open surgery, measurements of blood loss included the following: A: 130.7 ± 11.7 ml; B: 236.7 ± 18.4 ml; and C; 280.9 ± 12.3 ml ([Figure 1(a)](#fig1){ref-type="fig"}). The measured blood loss was significantly lower during laparoscopic surgery than during open surgery in A, B, and C (*p* \< 0.0001, *p*=0.0009, and *p*=0.0014, respectively). During laparoscopic surgery, the reduction of hemoglobin after surgery compared with that before surgery was A: 8.0 ± 0.2%; B: 13.3 ± 0.4%; and C: 12.0 ± 0.7%. During open surgery, the reduction of hemoglobin was A: 9.8 ± 0.6%; B: 15.2 ± 0.8%; and C: 12.0 ± 0.4% ([Figure 1(b)](#fig1){ref-type="fig"}). This reduction of hemoglobin was significantly less during laparoscopic surgery than open surgery in A and B; however, it was not significantly different in C (*p*=0.0029, *p*=0.0243, and *p*=0.985, respectively). These results suggest that the estimation of bleeding in A and B was appropriate; however, the estimation might be underestimated in C. In other words, the measured blood loss in laparoscopic hysterectomy might be underestimated because the reduced value of hemoglobin after laparoscopic surgery was almost the same as that after open surgery.

4. Discussion {#sec4}
=============

In the present study, we investigated the estimated amount of bleeding between laparoscopic surgery and open surgery, by calculating the changes of the concentration of hemoglobin before and after surgery as indicators.

There is no doubt that laparoscopic surgery is less invasive than open surgery; however, we had the question about the accuracy of estimations of bleeding during laparoscopic surgery \[[@B1]\]. Of note, we could not always assess all of the blood loss due to the presence of Trendelenburg position in gynecologic surgery, where the bleeding could rest in the abdominal cavity \[[@B8]\]. To address this issue, we investigated comparing the amount of blood loss between laparoscopic surgery and open surgery by considering the concentration of hemoglobin before and after surgery as indicators. We investigated the representative operations in gynecological fields: A, surgery for ovarian tumors including cystectomy and salpingo-oophorectomy (unilateral or bilateral): B, myomectomy; and C, hysterectomy. We found that blood loss during laparoscopic hysterectomy might be underestimated because the reduction in the value of hemoglobin was almost the same as that in open surgery. The concentration of hemoglobin sometimes reduced noticeably due to massive intravenous drip infusions \[[@B13]\]. In these cases, the concentration of hematocrit could indicate dilution. However, as shown in [Figure 2](#fig2){ref-type="fig"}, the scatter plot patterns of the changed value of hemoglobin and hematocrit did not differ between laparoscopic surgery and open surgery. This finding means that compared with each other, it is probably less likely that differing approaches to surgery (laparoscopic surgery or open surgery) were influenced by the dilution or concentration of circulating blood.

This study was retrospective, and there was bias as to surgical approaches (choice of laparoscopic surgery or open surgery). In order to avoid the human error, we automatically abstracted the patient\'s information from the medical chart, and that is why we could only obtain simple back ground of the patients and could not consider the complication in detail in each patient. Generally, if we expected in advance difficulty in completing a laparoscopic surgery due to, for instance, adhesions, then we chose to perform open surgery. However, we think this bias may affect the bleeding during operation but may not affect the estimation itself. Indeed, we did not find any significant difference as to patients\' body weight, which is known to affect the total blood volume (56.1 ± 1.1 kg in laparoscopic surgery and 57.6 ± 0.8 kg in open surgery) \[[@B11]--[@B13]\]. Thus, the fact that collected cases did not have significantly different changes in hemoglobin between laparoscopic surgery and open surgery but did have significantly different estimated amounts of blood loss still suggests the possibility that blood loss during laparoscopic hysterectomy might be underestimated.

How to estimate the bleeding during surgery is not different in essential between laparoscopic surgery and open surgery as described in Materials and Methods. And we think of two possibilities as to what could produce the discrepancy between laparoscopic hysterectomy and open hysterectomy. One is that we usually use a decent size of gauze and rubber spatula to keep the intestine in upper abdomen (out of the operational field). This might hold the blood in the operational field and help us to count the bleeding appropriately. The other is that we might not count all bleeding during laparoscopic surgery because aspirating the blood from the upper abdomen in Trendelenburg position is not always easy and sometimes skipped if the bleeding seemed not that much.

It might be a possible way to place drainage in all the patients and measure the amount of drained bleeding after surgery for the estimation of genuine blood loss, but this approach is still uncertain \[[@B14], [@B15]\]. Recently, some researchers have used computer imaging to detect the bleeding point \[[@B16]\]. The objective measuring way like that would be expected.

There is no doubt that laparoscopic surgery is less invasive than open surgery, but estimates of blood loss need to be carefully considered, at least in the case of laparoscopic hysterectomy. Our research may not directly affect the management in today\'s gynecologic surgery environment; however, it may be time to stop and think about minimally invasive surgery (MIS) because, for instance, MIS is now proposed to be associated with decreased survival compared to open radical hysterectomy among women with ≥2 cm stage IB1 cervical cancer \[[@B17]\]. Further research needs to be done to elucidate this topic.
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![(a) Measurement of blood loss. The measurement of blood loss was A, 59.8 ± 4.2 ml; B, 168.6 ± 9.0 ml; and C, 206.8 ± 19.6 ml in laparoscopic surgery and A, 130.7 ± 11.7 ml; B, 236.7 ± 18.4 ml; and C, 280.9 ± 12.3 ml in open surgery. The blood loss was significantly lower in laparoscopic surgery than open surgery in A, B, and C (*p* \< 0.0001, *p*=0.0009, and *p*=0.0014, respectively). (b) Change of the concentration of hemoglobin. The reduction of hemoglobin after surgery compared with that before surgery was A, 8.0 ± 0.2%; B, 13.3 ± 0.4%; and C, 12.0 ± 0.7% in laparoscopic surgery and A, 9.8 ± 0.6%; B, 15.2 ± 0.8%; and C, 12.0 ± 0.4% in open surgery. Blood loss was significantly lower during laparoscopic surgery than open surgery in A and B; however, it was not significantly different in C (*p*=0.0029, *p*=0.0243, and *p*=0.985, respectively). ΔHb=((Hb_pre − Hb_post)/(Hb_pre))*∗*100, where Hb_pre is the concentration of hemoglobin one day before surgery and Hb_post is that one day after surgery. ΔHct (the changed value of hematocrit) was similarly defined. A, surgery for ovarian tumor including cystectomy and salpingo-oophorectomy (unilateral or bilateral); B, myomectomy; C, hysterectomy; *N*, number of patients; L, laparoscopic surgery; O, open surgery. Values were described as means ± S.E. ^*∗*^ *p* \< 0.05; ^*∗∗*^ *p* \< 0.01; ^*∗∗∗*^ *p* \< 0.001. n.s., not significant.](OGI2018-3802532.001){#fig1}

![Correlation between the changes of hemoglobin and of hematocrit. The scatter plot patterns showed that the changed value of hemoglobin and hematocrit was not clearly different between laparoscopic surgery and open surgery. ΔHb=((Hb_pre − Hb_post)/(Hb_pre))*∗*100, where Hb_pre is the concentration of hemoglobin one day before surgery and Hb_post is that one day after surgery. ΔHct (the changed value of hematocrit) was similarly defined. A, surgery for ovarian tumor including cystectomy and salpingo-oophorectomy (unilateral or bilateral); B, myomectomy; C, hysterectomy; L, laparoscopic surgery; O, open surgery.](OGI2018-3802532.002){#fig2}
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